Background: This meta-analysis aimed to assess available evidence on possible associations of interleukin-28B polymorphisms rs8099917 and rs12979860 with development of hepatitis virus-related hepatocellular carcinoma (HCC). Methods: PubMed, EMBASE, Google Scholar, and the Chinese National Knowledge Infrastructure databases were systematically searched to identify relevant studies. Meta-analyses were performed to examine the association of interleukin-28B rs8099917 G/T and rs12979860 T/C polymorphisms with development of hepatitis virus-related HCC. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. Results: A total of ten studies involving 2,529 cases and 2,412 controls were included. The G-allele and GT genotype of rs8099917 were significantly associated with increased risk of hepatitis B virus (HBV)-related HCC (allelic model, OR 1.49, 95% CI 1.13-1.96, P=0.005; heterozygous model, OR 1.39, 95% CI 1.04-1.88, P=0.03). Conversely, the TT genotype was found to be significantly associated with lower risk of HBV-related HCC (dominant model, OR 0.68, 95% CI 0.51-0.91, P=0.01). Similar results were observed in the subgroup of Chinese patients and controls. In the pooled data set, the T-allele and TT genotype of rs12979860 showed a significant association with increased HCC risk (allelic model, OR 1.36, 95% CI 1.05-1.78, P=0.02; recessive model, OR 1.75, 95% CI 1.28-2.39, P=0.005; homozygous model, OR 1.99, 95% CI 1.41-2.80, P,0.001). Subgroup analysis based on ethnicity and etiology showed rs12979860 polymorphism to be significantly associated with HCC risk in Caucasians, especially hepatitis C virus-related HCC, according to all five genetic models. In contrast, only the TT genotype of rs12979860 was found to be significantly associated with increased risk of HBV-related HCC, especially in Asians.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common causes of cancer-related mortality worldwide. 1 
It is well known that infection with hepatitis B virus (HBV)
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Zhang et al or hepatitis C virus (HCV) is a major cause of chronic hepatitis, which can progress to HCC. 2 Since only a fraction of infected patients develop HCC during their lifetime, genetic factors may play a role in tumor development.
Interferon (IFN) treatment is usually the preferred approach for eliminating HBV and HCV in chronic hepatitis patients and thereby inhibiting HCC progression. 3, 4 IFN-α, IFN-β, and IFN-λ are multifunctional cytokines responsible for transcription of subsets of genes, and they play a crucial role in antiviral immune responses involving activation of the JAKSTAT and MAPK pathways. 5, 6 IFN-λ shows both antiviral and antitumor activities in experimental models: it has been found to inhibit HBV and HCV replication, 7 while activation of type III IFN group which consists of IFN-λ1, IFN-λ2, and IFN-λ3 induces apoptosis. 8 Genome-wide association studies have shown that polymorphisms near the interleukin-28B (IL28B) gene on chromosome 19, which codes for IFN-λ3, are powerful predictors not only of sustained virologic response to combination therapy with Pegylated interferon (PEG-IFN) and ribavirin but also of spontaneous HCV clearance in patients with chronic hepatitis C infection. 9, 10 Some studies have also suggested that IL28B polymorphisms are related to serological response to PEGylated IFN and to HCV recovery in patients with chronic hepatitis B infection, and that these relationships to HCV recovery are the opposite of those observed with HBV recovery. 11, 12 Since IL28B polymorphisms affect responses to IFN, and since IFN therapy affects the prognosis of patients chronically infected with HBV or HCV, such polymorphisms may also affect the risk of developing HCC. Thus, several case-control studies have focused on the association of two common polymorphisms near the IL28B gene, rs8099917 and rs12979860, with onset of hepatitis virus-related HCC. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] These studies have not provided a clear answer because of limited sample size and heterogeneity in patient ethnicity and HCC etiology.
Therefore, we conducted the present meta-analysis of available data to gain a more reliable picture of associations of polymorphisms rs8099917 and rs12979860 with HCC risk. We also meta-analyzed the data according to whether the patients had HBV-or HCV-related HCC. To the best of our knowledge, this is the first meta-analysis to analyze association of the rs12979860 polymorphism with HCC risk in subgroups of patients with HBV-or HCV-related disease.
Methods
Search strategy
PubMed, EMBASE, Google Scholar, and the Chinese National Knowledge Infrastructure (CNKI) databases were systematically searched to identify clinical and experimental case-control studies of possible associations of IL28B polymorphisms rs8099917 or rs12979860 with risk of hepatitis virus-related HCC published through January 15, 2016 . No language restrictions were imposed. The following search terms were used: rs8099917; rs12979860; these two terms in combination with polymorphism, polymorphisms, SNP, variant, variants, variation, genotype, genetic or mutation; and all the earlier terms in combination with hepatocellular carcinoma and liver cancer. Reference lists in identified articles and reviews were also searched manually to identify additional eligible studies.
inclusion criteria
To be included in our review and meta-analysis, studies should 1) have used a case-control design to assess the association of rs8099917 or rs12979860 polymorphisms with HCC risk in humans, 2) be available as full-text articles and report sufficient data for estimating an odds ratio (OR) with 95% confidence interval (CI), and 3) report genotype frequencies. If multiple publications were identified from the same research group and apparently involved the same population, only the most recent study was used in the meta-analysis.
Data extraction
Two authors (YZ and SLZ) independently extracted the following data from included studies: first author's family name, year of publication, country of origin, testing methods, P for Hardy-Weinberg equilibrium in controls, type of control population, numbers of cases and controls, and frequencies of genotypes in cases and controls. Discrepancies were resolved by consensus. Only those studies that met the predetermined inclusion criteria were included.
Statistical analysis
Following previous approaches, [23] [24] [25] we calculated the unadjusted OR with 95% CI from the genotype frequencies in cases and controls in order to assess the strength of association of rs8099917 and rs12979860 polymorphisms with HCC risk. The significance of pooled ORs was determined using the Z test, with P,0.05 defined as the significance threshold. Meta-analysis was conducted using a fixedeffect model when P was .0.10 for the Q test, indicating lack of heterogeneity among studies; otherwise, a randomeffect model was used. All statistical tests were performed using Review Manager 5.2 (Cochrane Collaboration, London, UK).
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iL28B polymorphisms and hepatitis virus-related HCC Publication bias was assessed using Begg's funnel plot and Egger's weighted regression, generated using Stata 12.0 (Stata Corp, College Station, TX, USA). P,0.05 was considered statistically significant. Figure 1 illustrates the search and selection criteria for studies in the meta-analysis. A total of 368 potentially relevant publications up to January 15, 2016 were systematically identified in the PubMed, EMBASE, Google Scholar, and CNKI databases. Of these, we excluded 349 based on review of the titles and abstracts. The study by He et al was excluded because it was a meta-analysis, 26 and three studies were excluded because they did not have a case-control design. [27] [28] [29] The article by Shi et al was excluded because it did not report precise genotypes, 30 and the article by Lee et al was excluded because it did not report usable data. 31 Three articles investigating the association between IL28B polymorphism and the combination of HCC and liver cirrhosis were excluded. [32] [33] [34] In the end, ten studies [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] were included in the metaanalysis (Table 1) . Five studies [13] [14] [15] [16] [17] were conducted in Asian populations (1,041 cases and 907 controls) and evaluated the association between rs8099917 polymorphism and HCC risk. Nine studies, [14] [15] [16] [17] [18] [19] [20] [21] [22] involving 1,503 cases and 1,505 controls, evaluated the association between rs12979860 polymorphism and HCC risk. The distribution of genotypes in controls was consistent with Hardy-Weinberg equilibrium (P.0.05) in all but two studies.
Results
Description of studies
Meta-analysis of the association between rs8099917 polymorphism and HCC risk Meta-analyses of the possible association between rs8099917 polymorphism and risk of HCC are summarized in Table 1 ; the overall results are summarized in Table 2 . All 1,041 cases in the five studies examining rs8099917 polymorphism [13] [14] [15] [16] [17] had HBV-related HCC. Fixed-effect meta-analysis of the total population showed the rs8099917 polymorphism to be significantly associated with increased risk of HBV-related HCC according to the allelic model (OR 1.49, 95% CI 1.13-1.96, P=0.005; Figure 2 ) and heterozygous model (OR 1.39, 95% CI 1.04-1.88, P=0.03). These results suggest that the G-allele of rs8099917 may increase susceptibility to HBV-related HCC. In contrast, fixed-effect meta-analysis using the dominant model suggested a protective role of the wild-type TT genotype of rs8099917 in patients with HBV-related HCC (OR 0.68, 95% CI 0.51-0.91, P=0.01).
Similar results, with even higher statistical significance, were observed when we meta-analyzed the subgroup of studies involving Chinese populations (958 cases and 743 controls): the OR and 95% CI were 1.61 and 1.19-2.18 for the allelic model (P=0.002), 1.54 and 1.07-2.22 for the heterozygous Table 2 .
Meta-analysis of the association between rs12979860 polymorphism and HCC risk Meta-analyses of the possible association between rs12979860 polymorphism and HCC risk are summarized in Table 1 , and overall results are summarized in 
03).
These results suggest that the TT genotype of rs12979860 may be a genetic risk factor for HCC in Asians. Meta-analyses of association of rs12979860 polymorphism with HCC risk in different ethnic subgroups are summarized in Table 2 .
A subset of studies that clearly reported whether their cases had HBV-or HCV-related HCC were meta-analyzed in order to examine whether the association between rs12979860 polymorphism and HCC risk depends on etiology. These included two studies on Caucasians involving 272 cases with HBV-or HCV-related disease, 18,21 a study by Fabris et al involving 35 HCV-related and 50 undefined cases, 18 and a study by Akkiz et al involving 24 HCV-related, 110 HBVrelated, and 49 undefined cases. 21 Meta-analysis of data for each type of HCC showed that the rs12979860 polymorphism was associated with risk of HCV-related HCC according to four genetic models (Tables 2 and 3 
Publication bias
Begg's funnel plot and Egger's test were performed to detect potential publication bias in the meta-analysis. No obvious asymmetry was observed in Begg's funnel plots for rs8099917 ( Figure 4A ) or rs12979860 ( Figure 4B ) according to the allelic model. Similarly, Egger's tests showed no significant risk of publication bias in the allelic model for rs8099917 (G-allele versus T-allele: t=0.51, P=0.647) or rs12979860 (T-allele versus C-allele: t=2.07, P=0.077).
Discussion
Few meta-analyses have focused on the association between rs8099917 polymorphism and risk of developing HCC, and individual studies have failed to reach a consensus. [13] [14] [15] [16] [17] Most of those studies suggest that rs8099917 polymorphism does not affect risk of HBV-related HCC, [13] [14] [15] 17 but the present meta-analysis suggests that the G-allele of rs8099917 may be associated with increased risk, and that the wild-type TT genotype may protect against the disease. Similar results were observed specifically in Chinese population. It is worth noting that all five previous studies, [13] [14] [15] [16] [17] involving 1,041 cases and 907 controls, were conducted on Asian populations in which all cases had HBV-related HCC.
Two previous meta-analyses were published reporting that rs12979860 polymorphism is a genetic risk factor for hepatitis virus-related HCC. 26, 35 These results should be interpreted with caution, since the meta-analyses included 118 cases from a case-control study in which the patients appeared to have had HCC and liver cirrhosis and to have been in end-stage liver disease. 32 This may make the meta-analysis results less accurate because genetic factors affect risk of HCC and liver cirrhosis differently. In addition, these meta-analyses did not include four recent case-control studies. 15, 17, 21, 22 The present meta-analysis not only included these four studies but also excluded the study by El-Awady et al. 32 Our meta-analysis of all included patients suggests that the T-allele of rs12979860 significantly increases risk of HCC. The T-allele also seems to increase risk of HCC in the subset of Caucasians, especially HCV-related HCC. Although we failed to detect a significant association between the T-allele and risk of HBV-related HCC in the allelic model, the TT genotype of rs12979860 was associated with elevated Table 2 Overall meta-analysis of the association of rs8099917GT and rs12979860C/T polymorphisms with risk of hepatocellular carcinoma The findings of this systematic review are limited by the designs of the included studies. First, the controls in four case-control studies were not healthy individuals, which increases the risk of heterogeneity because not all controls were chosen according to the same well-defined criteria. Second, the P-value associated with Hardy-Weinberg equilibrium was ,0.05 in two included studies 14, 16 ( Table 1 ), suggesting that these study populations were not 
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Figure 4
Begg's funnel plots according to allelic models. Notes: Begg's funnel plots to detect publication bias in analysis of the association of (A) rs8099917 polymorphism and hepatocellular carcinoma risk according to the allelic model (G-allele versus T-allele), or the association of (B) rs12979860 polymorphism and hepatocellular carcinoma risk according to the allelic model (T-allele versus C-allele). Abbreviations: OR, odds ratio; Se, standard error.
representative of the broader target population. Third, the results may be affected by additional confounding factors, such as tumor status, sex, or age, but most studies either did not report these baseline data or aggregated the data in different ways, preventing their inclusion in the metaanalysis. Fourth, the studies used various assay methods to characterize the polymorphisms; these methods differ in sensitivity and specificity, which may affect the reliability of the results. Lastly, the fact that all five studies of the rs8099917 polymorphism in our meta-analysis [13] [14] [15] [16] [17] examined Asian populations highlights the need for large, well-designed studies in Caucasian and African populations to verify our findings.
Conclusion
The G-allele of rs8099917 may be associated with elevated risk of HBV-related HCC, while the wild-type TT genotype of rs8099917 may protect against this disease. The T-allele of rs12979860 may increase risk of HCC in Caucasians, especially HCV-related HCC. The TT genotype of rs12979860 may increase risk of HBV-related HCC, especially in Asians.
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Zhang et al multiethnic samples are needed to clarify the influence of those two polymorphisms on HCC risk. Such studies should also explore gene-gene and gene-environment interactions that may mediate an association of rs809991 and rs12979860 with risk of developing hepatitis virus-related HCC.
